Introduction
Ozone is an important chemical constituent of the atmosphere. One of its major roles in the atmosphere is to screen out biological damaging solar radiation in the wavelength region between 280 and 320 nm, the UVB radiation [Brasseur and Solomon, 1984] . In addition to the global decreasing ozone trend, regions near the south pole are affected by the Antarctic ozone hole phenomenon [Solomon, 1988 [Solomon, , 1990 . This is a seasonal strong ozone loss mechanism caused by heterogeneous chemical reactions [Stolarski et al., 1986; Stolarski, 1988; Solomon and Garcia, 1986;  observations at wavelengths between 290 and 325 nm. The resolution for ozone observations is about 0.6 nm, and the wavelengths are placed at 306.3, 310.0, 313.4, 316.7, and 319.9 nm. The instrument includes automatic wavelength calibration using an internal mercury discharge lamp, as well as a relative spectral intensity source from a quartz-halogen lamp. A computercontrolled azimuth mount ensures automatic solar pointing.
The vertical distribution of ozone over Punta Arenas has been determined by using ozone Electrochemical Concentration Cell (ECC) sondes launched on balloons. The balloonsonde is a small 20x30x30 cm instrument developed in the early 1970s [Komhyr, 1969; Komhyr and Harris, 1971] , which flies together with a standard radiosonde, providing, in addition to ozone concentrations, temperature, humidity, and pressure. The ozone sensor is based on two platinum electrodes immersed in a liquid in which a chemical reaction occurs when ozone is introduced into the chemical solution. The result of the reaction is the production of free electrons, which are amplified to an electric current proportional to the ozone concentration bubbled into the electrodes from the outside air. The digital ozonesondes used can make as many as 60 ozone observations per kilometer, including pressure, temperature, humidity, temperature of the sensor, battery voltage, and ozone. This technique has been used extensively over the last 10 years for ozone observations [Kirchhoffet al., 1991 ] .
Objective
The objective of this work is to describe the appearance of the ozone hole over Punta Arenas, Chile, during the years 1992, 1993, and 1994, using observations of a Brewer spectrophotometer installed specifically for this purpose. In addition, the vertical distribution of ozone during ozone hole conditions was measured using ozone ECC sondes. The intensities of the UVB radiation during ozone hole conditions at Punta Arenas are compared with normal low-latitude UVB radiation at Natal, Brazil (6øS).
Results and Discussion

Ozone Averages Over Punta Arenas
The Antarctic ozone hole is clearly a polar phenomenon, in which the polar vortex and its dynamics and the extremely low stratospheric temperatures play important roles [Schoeberl and Hartmann, 1991] . However, when the polar vortex breaks up and the ozone hole starts to disappear, large volumes of low-ozone air, which are pieces of the disrupted polar air, may be transported to lower latitudes, where they act as local perturbations. Such perturbations have been reported from observations at lower latitudes [Atkinson et al., 1989; Kane, 1991 . The ozone hole itself is defined in this study by the geographic area inside of which the ozone column has less than 220 DU. This is normally a rounded large area over the south pole. The exact shape is not always circular; it may stretch out in an elliptical shape, for example [Herman et al., 1995a, b] . When this feature takes an oval shape, it may sweep over the Punta Arenas area. Examination of many of these occasions shows that the ozone hole occurs over the city when the Antarctic ozone hole reaches out in an elongated shape; during these occasions the tip of the ozone hole may stay over Punta Arenas for a few days, after which the elongated shape of the hole stretches back, becoming circular again, or the oval shape continues but rotates beyond Punta Arenas, either to the west or to the east.
Brewer Spectrophotometer Observations
In addition to UVB radiation, we obtained systematic ozone column amounts using a Brewer spectrophotometer in Punta Arenas. For the 3 years of observations, ozone column values were extremely low on several occasions. For this study, lowozone events were defined as those below 2 standard deviations of the climatological mean; these values are listed in Table 1 . We observed ozone hole conditions on five occasions, using the criteria that the observer is inside the ozone hole when the ozone column decreases below 220 DU. These events are shown in Table 1 with an asterisk. The ozone decreases in terms of percentage, shown in Table 1 , are calculated by using as reference the RHC defined earlier (monthly averages are shown in parentheses in column 3 of Table 1 ).
The five ozone hole events (shown in Table 1 with an asterisk*) observed at Punta Arenas during 1992, 1993, and 1994 are further described in Table 2 ; all days with column ozone values less than 220 DU are shown. The event number of the second column is the same number used in Table 1 . Again, the percent reduction is determined by using the RHC as reference. Three of the ozone hole events lasted only 1 day; that is, although the ozone may have been low on the days before and after the event, it was higher than 220 DU. These were all ozone hole events that occurred in either September or November. During October the ozone hole eYents at Punta Arenas were longer: 3 days in October 1992 and 7 days in October 1994. nearly vanishes at heights of 15-17 km. Near the peak of the ozone layer the ozone loss may decrease to 40-60%.
UVB Measurements
As we mentioned before, the Brewer spectrophotometer makes UVB measurements between 290 and 325 nm. 
